Abstract: To develop the effective feeding structure for the leaky wave antenna using the composite right/left-handed transmission line with monopolar radiation, a broadband center-feed structure composed of a triangular element is proposed in this paper. The dispersion characteristics and flat Bloch impedance are obtained by complex Sparameters of 2 ports on the structure. The CRLH leaky wave antenna is fabricated, and bandwidth of 60% is achieved while its radiation characteristics are similar to monopolar radiation.
Introduction
In the printed monopole antenna, the reactance component can be varied by changing feeding configuration to the tapered structure [1] . The bandwidth of the printed monopole antenna has been increased by beveling on one or both sides of the feed probe [2] . To reduce the height of these antennas, the leaky-wave antenna in the metamaterial-based mushroom structure has been proposed for a conical beam antenna application [3] . As a consequence of the circular and fast wave propagation from the center of a structure, a conical beam is radiated. However, this antenna structure has band-gap approximately 1 GHz, so it is difficult as broadband application. Furthermore, the effective feeding structure has not been developed for broadband impedance matching, so return loss of antenna is very high [4] . This paper presents characteristics of the composite right/left-handed (CRLH) leaky wave antenna with monopolar radiation pattern. Firstly, a unit structure using mushroom structure is designed. A dispersion characteristic and Bloch impedance characteristic of unit cell are investigated. And, a broadband center-feed structure, for impedance matching of the leaky wave antenna, is also designed. Then, a low-profile and broadband leaky wave antenna is designed by connecting the center-feeding structure and CRLH transmission line. Finally, the results of simulation studies performed on the leaky wave antenna are verified using the experimentally measured characteristics.
Design of composite right/left-handed transmission line
Figure 1 (a) shows a configuration of unit structure on the infinite ground plane. In this CRLH leaky wave antenna, a CRLH transmission line using mushroom structure is used as main structure. Structural parameters are p = 40.1 mm, w = 40 mm, g = 0.1 mm, h = 4.5 mm, r = 3 mm, ε r = 1 (free space). The one-dimensional periodic structure is composed by arranging the unit structures in x direction. 2.01 GHz, respectively. The dispersion diagram is calculated by complex Sparameters of 2 ports on the structure [5] . In this paper, center frequency of the leaky wave antenna is defined as 2 GHz. The dashed line shows the velocity of light, and a fast wave band is the region that the phase velocity is faster than the velocity of light. The fast wave band is from 1.5 GHz to 3.84 GHz. Therefore, the possible radiative bandwidth of the antenna is about 87%. Figure 1 (c) shows Bloch impedance (|Z B |) characteristics. |Z B | is stabilized about 25 Ω over the fast wave band of the unit structure. Therefore, this structure has the broadband characteristic. Figure 3 (a) shows simulated and measured S 11 characteristics. Simulated and measured bandwidths are 40% and 60%, respectively. A large discrepancy between simulated and measured results is due to the fabrication error of very small gap between patches, which needs to achieve the small bandgap characteristic of the unit structure. Another configuration for large series capacitance is required for easy fabrication. Figure 3 (b) , (c) shows simulated and measured radiation patterns, respectively. All of the radiation pattern forms monopolar pattern that has null point at θ = 0 • . And, simulated and measured results agree well each other, and peak values of measured results at z-x plane are 7.7 dBi, 6.1 dBi and 4.2 dBi at 1.5 GHz, 1.9 GHz, and 2.5 GHz, respectively. And, all of their cross-polarization is less than −14 dBi.
Experiment of 10-cell CRLH leaky wave antenna

Conclusion
This paper presents the characteristics of the leaky wave antenna with monopolar radiation pattern using CRLH-TL. The unit cell of CRLH-TL is designed with the mushroom structure. By arrangement of this unit structure periodically, CRLH-TL could be constructed. The CRLH-TL has broadband characteristic, and radiates leaky wave. And, broadband center-feed structure with triangular feed element is designed. The proposed antenna has broadband characteristics, and radiate monopolar radiation pattern. Finally, the bandwidth and radiation characteristics of CRLH leaky wave antennas are verified experimentally.
